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 The free-living nematode Caenorhabditis elegans is a model organism. Over the 
past four decades, research using C. elegans has contributed to our knowledge about 
aging, development, structure and function of the nervous system and many other basic 
biological processes. The N2 strain, which originates from Bristol, England, is used as 
the canonical “wild type” strain. But not much is known about the diversity of these 
nematodes in the wild, how their environment may affect their phenotypes and how they 
interact with other organisms. We conducted a series of assays on 40 wild isolates from 
around the world to test for phenotypic variability, including determining whether they 
are social or solitary foragers, and studied their surface phenotype by a lecting binding 
assay and susceptibility to a bacterial pathogen. Overall, the 40 strains of worms from 
around the world have similar surface coats concerning the lack of sugar decorations they 
have (at least the same type of sugar decorations seen on srf-3 mutants), but they differ in 
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 The nematode Caenorhabditis elegans is a model organism. Since the 1970s, C. 
elegans have been widely studied due in part to the ease with which they are maintained 
and bred within the laboratory (Twyman, 2002). Their transparent body and short life 
cycle allows for scientific experimentation in order to learn more about them and to 
answer numerous scientific questions, from their neural development to how they age. 
But not much is known about the way these nematodes interact with their environment in 
the wild. 
 C. elegans are usually regarded as a soil nematode, though technically they 
colonize microbe-rich habitats, such as decaying fruit and plant matter (Félix & Braendle, 
2010). Their natural habitat is very dissimilar to the living conditions of C. elegans in the 
lab, where they are bred in Petri dishes with agar and fed over a lawn of bacteria. This 
bacteria is typically an Escherichia coli mutant strain, called OP50, which acts as their 
source of food.  
C. elegans has a short life cycle: it can go from an egg to a capable egg-laying 
adult from having a 3–day life cycle. At full maturity, they can grow 1 to 2 millimeters 
long (Félix & Braendle, 2010). A single C. elegans can typically produce 300 to 350 
progeny, but this can vary according to their environment’s temperature (Riddle, 
Blumenthal, Meyer, & Press, 1997a). Worms are typically grown at 16°C; at this 
temperature, they can lay about 275 eggs. The temperature a C. elegans develops at 
determines how fast or slow it grows and how many eggs it will be able to lay 
(Development at Different Temperatures [Image],” 1976; Illustration 2).   
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The lifecycle of C. elegans vary, depending on the conditions it is in. In an 
environment where there is a sufficient food source and no crowding, they go through an 
embryonic stage, four larval stages (named L1, L2, L3, and L4), and adulthood 
(“CAENORHABDITIS elegans AS A GENETIC ORGANISM,” 2006). Molting occurs 
at the end of each larval stage. For molting to occur, the cuticle of the worm must detach 
from the hypodermis. Then a new cuticle layer develops from the hypodermis; molting 
ends when the old cuticle is shed (Fig. 1). On top of the cuticle is a glycoprotein-rich 



















Figure 1. Layers of a Caenorhabditis elegans, shown from a side-view (top)  
and cross-section (bottom). The hypodermis is an ectodermal cell layer the surrounds 
the nematodes’ body and the cuticle is produced by it. The cuticle is an exoskeleton that 




If the worm is placed in an environment with a limited food source or crowding, 
then the worm becomes a dauer, occurring between the L1 and L2 larval stages (Fig. 2). 
Dauer worms differ from worms in favorable environments in that their buccal cavities 






Figure 2. Life cycle of a C. elegans at 22°C, including time spent between each stage. 
The diagram exhibits the life cycle in favorable and unfavorable environmental 






The advantage of a dauer worm is that these are the types of worms that survive 
freezing the best (Hope, 1999). By freezing worms, a stock of worms can be kept for 
many years. Thawing a vial of worms and pipetting it onto a plate of agar and bacteria 
allows the worms to grow into the L4 stage, thus also allowing it to turn into successful 
reproductive adults.  
The fact that C. elegans have a short generation time is a major benefit. With a 
short generation time, multiple tests can be done on these nematodes or the same test can 
be repeated multiple times. The high quantities of offspring are also beneficial in the way 
it allows for worms to be produced in a high throughput. Maintaining and creating C. 
elegans in the lab is not a problem, at least for the most part.  
Another very beneficial trait of C. elegans is that most of them are 
hermaphrodites (Fig. 3). They can be either hermaphrodites or males, but the advantage 
of hermaphrodites is that they can self-fertilize and generate their own progeny or mate 
with a male (Zarkower, 2006). The difference is that hermaphrodites produce a much 
smaller amount of eggs when they self-fertilize, compared to when they mate with a 
male. A self-fertilizing nematode can make approximately 300 eggs (more or less 
depending on the environmental temperature), but can make 1200 to 1400 eggs when a 
hermaphrodite and a male breed (“CAENORHABDITIS elegans AS A GENETIC 
ORGANISM,” 2006). This difference is caused from the amount of sperm the two sexes 







Figure 3. Anatomical differences between hermaphrodite and male Caenorhabditis 




Most laboratories attain Caenorhabditis elegans strains from the Caenorhabditis 
Genetics Center, or the CGC, located at the University of Minnesota. In the past decade, 
several researchers have collected C. elegans strains of worms from around the world 
(Félix & Braendle, 2010). This experiment obtained all of the worms from the CGC over 
the course of two semesters, including the accepted wild type strain of this nematode, N2. 
This strain was found in mushroom compost near Bristol, England (Riddle, Blumenthal, 
Meyer, & Press, 1997b). N2 worms have been used excessively throughout labs as the 
wild type, but it is not known how similar or dissimilar this strain is compared to the 
other strains of Caenorhabditis elegans found in the wild around the world. 
! 6 
The surface coat of a C. elegans is external to the cuticle layer and is continuously 
made, ready to be shed at any moment. It is approximately 5 nanometers thick, but this 
measurement can vary (Riddle, Blumenthal, Meyer, & Press, 1997c). It is seen during all 
stages of the nematode, though the exact composition of the surface coat and its 
physiology are not largely unknown. 
The objective of this project is to examine a variety of C. elegans strains from 
around the world to see how they relate to each other and to the N2 strain, since not much 
research has been done on the differences among these nematodes and how their 
environment may affect this. The project is encompassed around performing multiple 
experiments to learn about the behavioral patterns of the worms to see if they feed 
together or separately. Also, we tested the surface of these worms to seek for location-
specific phenotypes.  
A total of 40 strains of worms from around the world have been attained through 
the CGC (Table 1). A total of three tests are being performed on the strains to observe 
similarities and differences between them. The tests performed are bordering assays, srf 
stains, and BUS phenotype (De Bono, 1998;!Höflich et al., 2004;!Gravato-Nobre, 2005; 
Hodgkin, 2000). The bordering assay considered the feeding behavior of the C. elegans, 
while the surface staining and BUS phenotype observed the surface coat properties 
regarding carbohydrate composition and susceptibility to a pathogen, respectively. The 
bordering assay is conducted to see if C. elegans tend to eat where bacteria is thicker, 
usually being at the edge of a lawn of bacteria. On a plate of agar with a lawn of bacteria 
on it, if the majority of the nematodes eat at the edge of this lawn, then they showcase a 
strain that is classified as social foragers; if they do not aggregate within this area, then 
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the strain shows solitary foragers (De Bono, 1998). The srf stain tests if the surface coat 
of the worms shows the presence of a particular sugar by using a surface stain. The BUS, 
Bacterial UnSwollen, phenotype tests whether or not a strain of worms are resistant to 
Microbacterium nematophilum. If the strain is resistant to M. nematophilum, then it will 
appear normal; if it is not resistant, then the rectal and anal area of the nematode becomes 
swollen. 
Table&1.&The&strains&of&C. elegans obtained from the CGC and their original 
location from around the world. (Berninsone Lab, 2006-2015). 
 
Strain Original Location Strain Original Location 
AB1 Adelaide, Australia  JU778 Lisbon, Portugal 
AB4 Adelaide, Australia  JU829 Tübingen, Germany 
CB3198 Pasadena, USA JU1088 Kakegawa, Japan 
CB4856 Oahu, Hawaii JU1171 Concepcion, Chile 
DL200 Addis Ababa, Ethiopia JU1172 Concepcion, Chile 
DL238 Manuka, Hawaii JU1200 Dundonald, United Kingdom 
DR1344 Bergerac, France JU1400 Sevilla, Spain 
ED3005 Edinburgh, United Kingdom JU1401 Carmona, Spain 
ED3040 Johannesburg, South Africa JU1409 Carmona, Spain 
ED3042 Ceres, South Africa JU1440 Barcelona, Spain 
ED3073 Limuru, Kenya JU1586 Le Blanc, France 
ED3077 Nairobi, Kenya JU1652 Montevideo, Uruguay 
EG4347 Eugene, USA JU1896 Athens, Greece 
JT11398 Lake Forest Park, USA KR314 Vancouver, Canada 
JU258 Ribeiro Frio, Madeira LKC34 Unknown city, Madagascar 
JU262 Le Blanc, France QX1211 San Francisco, USA 
JU263 Le Blanc, France QX1233 Berkeley, USA 
JU345 Merlet, France RC301 Freilburg, Germany 
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JU774 Carcavelos, Portugal WN2002 Wageningen, Netherlands 
JU777 Lisbon, Portugal   
 
The hypothesis for this experiment is that the different strains of Caenorhabditis 
elegans from around the world will have many similarities among them, but due to 
coming from different environments, they will display distinct disparities that are 
advantageous for their specific location. This is the first step in observing whether or not 
different environments play a role in the surface coat or the behavior of different strains 


















C. elegans Maintenance   
 
 Strains of C. elegans were obtained from the Caenorhabditis Genetics Center 
located at the University of Minnesota. Over the course of two semesters, a total of 40 
strains of C. elegans were acquired from the CGC, including 39 strains from the around 
the world and one control, the N2 strain (Table 1). The worm strain NPR-1 came from 
the Van Der Linden Lab located at the University of Nevada, Reno.  
 Ordered worms came on Nematode Growth Medium (NGM) plates with E. coli 
OP50 on it, which were 35 millimeters in diameter. Pieces from these plates were 
chunked onto 5-centimeter plates, which were made of NGM-lite agar and also had E. 
coli OP50 as a food source. This was done regularly to keep a consistent stock of worms 
in the lab. Plates of worms were kept in a 16℃ incubator, unless otherwise specified 
from a particular protocol. 
 The chunking procedure involved using a sterilized metal spatula to cut a piece of 
agar from one plate and transferring this piece of agar to a new plate with NGM-lite agar 
and bacteria. The plate being cut from has worms that are near-starvation or are starved. 
Between chunking, the metal spatula must be sterilized to prevent crossing different 
worm strains with each other.  
 
 
Freezing C. elegans Strains   
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 Worm strains were frozen to keep a long-term stock of them. To freeze worms, 
first they were chunked onto 10-centimeter plates. Plates were starved and washed with 
M9, a buffer, to loosen worms from the plates. A pipette was used to transfer the buffer 
with worms to a 15-milliliter centrifuge tube, filling the tube. Tubes were centrifuged for 
30 seconds to create a small pellet at the bottom and a supernatant at the top. A pellet is 
where the worms are concentrated while the supernatant is the liquid that can be 
discarded. All but 1.5 milliliters of the supernatant is removed; then 1.5 milliliters of 
freezing solution is added. The tube is tapped to resuspend the pellet. The total volume 
should be 3.0 milliliters, which is divided into three freezing vials. Vials are stored in a 
Styrofoam box inside an -80℃ freezer. After at least 48 hours, one vial is thawed and 





The bordering assay was based off of the assay done in Mario de Bono’s paper 
(De Bono, 1998). This assay was a four-day process and was time sensitive. The 
following describes what had to be done days one through four in order for the assay to 
work properly and so the conditions and variables were the same throughout.                                                                                          
Day One: Small chunks of worm strains of interest were placed on two 10-
centimeter NGM-lite plates that had Escherichia coli OP50 on them. 
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Plates were placed in the 16℃ incubator. These worms were allowed to 
grow. 
Day Two: Worms continued to grow.  
Day Three: Sixty hermaphrodite worms in the L3 or L4 stage were picked 
from the two plates and placed on a 5-centimeter plate with a circular lawn 
of E. coli OP50. (Worms from these stages were chosen because worms 
nearing adulthood was preferred, while worms that would lay eggs within 
24 hours was not since they could hatch and disrupt the known amount of 
worms present.) The worms were placed near the bacterial lawn. A 
sterilized metal wire was used to pick the worms. This plate was then put 
in a 20℃ incubator for 8 to 24 hours. 
Day Four: Within 8 to 24 hours of picking the worms, the strains of 
worms were checked to see if bordering occurred or not. They were 
counted immediately after taking out of the 20℃ incubator. 
 
 
Analysis of Bordering Assay 
 
 The bordering assay measured if the worms were solitary or social foragers. Some 
of the strains were imaged to attain pictures of the bordering assay, though there were a 
few minutes between taking the plates out of the incubator and imaging, causing the 
worms to migrate from their original location (Illustration 4). Bordering was determined 
by counting how many worms were within 2 millimeters inside and outside of the 
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bacterial lawn. If 45 or more worms were found within this range, it resulted in a positive 
bordering assay; if 44 or less worms were found, it showed a negative assay (Fig. 4). 
Clumping was also checked. Clumping occurred when a group of three or more worms 
were in close proximity of each other. Clumping did not necessarily determine if a 
positive or negative bordering assay was observed, but helped assure if a positive 
bordering assay was seen or not.  
 
 
Figure 4. Examples of bordering (left) vs. non-bordering (right) seen among 
different C. elegans strains performed on NGM-lite agar plates. This is what was 
expected to be seen within 8 to 24 hours of picking sixty hermaphrodite worms for the 
bordering assay.  
 
 
Srf Stains with Wheat Germ Agglutinin 
 
 This procedure was based off of the work done by Jörg Höflich and collaborators 
(Höflich et al., 2004). Worm strains of interest were chunked onto two 10-centimeter 
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NGM-lite plates with E. coli OP50 on them. They grew in the 16℃ incubator for 3 to 4 
days; after this time, M9 buffer was used to wash the plates and loosen the worms. A 
pipette was used to transfer the buffer with worms into a 15-milliliter centrifuge tube. 
The plates were washed until 15 milliliters of liquid was obtained. Tubes were 
centrifuged at the highest RPM (revolutions per minute) setting for a minute. 
Centrifugation caused a worm pellet to form at the bottom and a supernatant liquid to be 
at the top. The supernatant was discarded and 10 milliliters of M9 was added to the tube; 
this was followed by centrifugation at the same setting and time. This was repeated once 
more. After the last centrifuge use, all of the supernatant was removed except for one or 
two millimeters. This resulted in a very concentrated worm pellet. 
 The stain was prepared by making a lectin solution. The specific lectin used was 
Wheat Germ Agglutinin, or WGA. Lectin is a class of proteins that binds to certain 
sugars. In the case of WGA, the sugars bound are N-Aacetylglucosamine or sialic acids.  
When WGA is conjugated to a fluorescent marker such as Fluorescein isothiocyanate 
(forming a compound called WGA-FITC), it can bind to the sugars exposed on the 
surface coat and fluoresce as a reporter. A solution with a 1:50 ratio of Fluorescein-
labeled lectin, diluted in M9 buffer, was used. About 250 microliters of the solution was 
needed to stain a sample. The lectin is light sensitive, so it should be wrapped in foil. This 
was placed on a rocker and allowed to incubate for an hour at room temperature. 
Afterwards, 10 milliliters of M9 was added to the tube and centrifuged to create a pellet 
and supernatant. This was done three times to wash the worms of unbound WGA-FITC. 
After the final centrifugation, the supernatant was removed to leave the pellet behind.  
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 A positive and negative control must be run with each unknown strain to ensure 
the protocol was successful. To observe positive or negative results for each strain, a 
small drop of the worm pellet was placed on an NGM-lite plate and observed under a 
fluorescent microscope.  
 
 
Analysis of Surface Stain  
 
 A positive srf stain was observed when the worms glowed under the microscope 
(Fig. 5). The test was negative if the worms appeared normal and did not glow. Controls 
should be observed first. We used the srf-3 C. elegans mutants as  positive controls and 
the N2 strains as negative controls. A positive reading is seen due to the lectin binding to 
exposed sugars on the surface coat of the nematode.  
 
 
Figure 5. Image of a hermaphrodite worm showing a positive srf stain, using WGA-
FITC lectin. A fluorescent microscope was used to observe and image the worm. 




 The BUS phenotype assay was based off of the work of both Maria Gravato-
Nobre and Jonathan Hodgkin (Gravato-Nobre, 2005; Hodgkin, 2000). Two types of 
bacteria were used for this test: Escherichia coli and Microbacterium nematophilum; the 
strains used were OP50 and CBX102, respectively. The bacteria were grown to an OD600  
(optical density measured at a wavelength of 600) of 0.25 for E. coli, taking about 24 
hours, and 0.15 for M. nematophilum, taking about 48 hours. Mixed bacterial lawns were 
put on NGM-lite agar plates. The lawns had a 9 to 1 ratio of OP50 to CBX102. Worm 
strains of interest were chunked onto 10-centimeter NGM-lite plates and allowed to grow 
for 72 to 96 hours. Worms were then bleached in order to kill the adults and leave the 
eggs behind. Eggs were allowed to hatch and grow on the mixed bacterial lawn plates and 
were incubated at 20℃. About 24 hours later, worm plates were washed with Tris-
buffered saline, TBS, and allowed to sit for an hour. Sixty microliters of these worms 
were put into 300 microliters of SYTO 13 live-cell nucleic acid stain (a green-fluorescent 
stain) and incubated in a dark room for an hour. Three microliters of the stained worms 
were mixed with 3 microliters of 4% propylene phenoxytol in M9. These worms were 
then viewed with UV fluorescence under a microscope to check for the BUS phenotype 











Figure 6. C. elegans that show unswollen (A), slightly swollen (B), and very swollen 
(C) tail regions. (A) Shows a negative BUS phenotype. (B) Shows a slight positive BUS 
phenotype. (C) Shows a strong positive BUS phenotype. (Gravato-Nobre et al., 2005). 
 
 
Analysis of BUS Phenotype 
 
 The BUS, or bacterial unswollen, phenotype was determined by observing if C. 
elegans showed tail swelling or not and the degree of their individual tail swelling. 
Infection was seen during the L2 or L3 stages of the worms. Worms that were resistant to 
the mixed bacterial lawn would not show tail swelling, while worms that were not 






Bordering Assay  
 
 A total of 35 strains were tested for the bordering assay (Table 2).  Countries 
represented were Australia, USA, Ethiopia, France, United Kingdom, South Africa, 
Kenya, Madeira, Portugal, Germany, Japan, Chile, Spain, Uruguay, Greece, Canada, 
Madagascar, and the Netherlands. Seven of the strains exhibited positive bordering 
assays, while 28 were negative. Clumping may have occurred in either positive or 
negative assays, but they appeared more commonly in positive tests. The strains that 
exhibited positive bordering were AB1 (Adelaide Australia), DL200 (Addis Ababa, 
Ethiopia), DL238 (Manuka, Hawaii), JU345 (Merlot, France), JU774 (Carcavelos, 
Portugal), JU1088 (Kakegawa, Japan), and JU1652 (Montevideo, Uruguay). These 
strains showed at least 75% of the worms were within 2 millimeters of the OP50 lawn 
and a degree of clumping. N2 and NPR-1 were used as controls to expect what positive 









Table 2. C. elegans strains from around the world showing positive and negative 
bordering assays compared to the controls N2 and NPR-1. The number of clumping 
occurrences was also measured. Highlighted were strains that had positive bordering 
assays. N2 and NPR-1 were used as controls for the assay. (Berninsone, 2006-2015) 
* Indicates a strain that was slightly contaminated with bacteria, but still had readable 
results.  
 
Strain Bordering (+/-) Percent # of Clumps 
N2 - 56.7% 1 
NPR-1 + 86.7% 2 
AB1 + 75.0% 3 
AB4 - 36.7% 2 
CB3198 - 50.0% n/a 
CB4856 - 70.0% 4 
DL200 + 81.7% ~5 
DL238 + 78.3% 2 
DR1344 - 65.0% 0 
ED3005* - 63.3% 1 
ED3040 - 60.0% 2 
ED3042 - 63.3% 0 
EG4347 - 68.3% n/a 
JU258 - 56.7% n/a 
JU262 - 60.0% 0 
JU263 - 65.0% 0 
JU345 + 76.7% 1 
JU774 + 85.0% 2 
JU777 - 66.7% n/a 
JU778 - 53.3% n/a 
JU829 - 61.7% 0 
JU1088 + 75.0% 1 
JU1171 - 46.7% 0 
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JU1172 - 43.3% 0 
JU1200 - 63.3% 1 
JU1400* - 63.3% 0 
JU1401 - 65.0% 0 
JU1409 - 50.0% 0 
JU1586 - 66.7% 1 
JU1652 + 83.8%  ~6 
JU1896 - 70.0% n/a 
KR314 - 38.3% 2 
QX1211 - 58.3%  0 
QX1233 - 58.3%  n/a 
RC301 - 61.7% 1 
 
 
Srf Stain  
 
The srf stain observed if a mutation was present on the surface coat of the 
different strains of C. elegans. A total of 39 strains went through srf staining. Srf-3 
mutants glowed under the microscope while N2 worms did not glow; these served as 
controls in the experiment. All the strains tested did not glow, showing negative tests. 
This means that these worms did not present the same mutation that srf-3 mutants have 
that causes them to fluoresce. This also means that these worms did not have a sugar 






 The BUS phenotype was measured based on the degree of swelling each worm 
demonstrated and the number of total worms that showed swelling. Srf-3 and N2 were 
used as controls; srf-3 showed a negative BUS phenotype, while N2 was rated a double 
positive BUS phenotype, meaning it had showed moderate swelling. A total of 39 strains 
were tested on. Swelling was measured from having one to four positives, where one 
positive meant it showed weak swelling for the BUS phenotype, two positives was 
moderate swelling, three was strong swelling, and four was very strong swelling for the 
BUS phenotype. The results can be seen in Table 3.  
 
Table 3. C. elegans strains exhibiting how strongly they express the BUS, bacteria 
unswollen, phenotype. Swelling occurred in the tails of the nematodes. More “+” 
present indicated stronger expression. One “+” indicated weak expression, while four “+” 
indicated very strong expression for the phenotype. A “-“ indicates that no swelling 
occurred. Srf-3 and N2 strains were used as controls for swelling. (Berninsone, 2006-
2015) 
* Indicates a strain that was allowed to grow an extra day compared to the protocol 
usually followed.  
 
Strain Swelling Strength  Strain Swelling Strength  
Srf-3 - JU777 +++ 
N2 ++ JU778            ++++ 
AB1 +++ JU829 +++ 
AB4 ++++ JU1088 ++++ 
CB3198 ++ JU1171 +++ 
CB4856* + JU1172 ++++ 
DL200 ++++ JU1200 + 
DL238 ++ JU1400 + 
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DR1344 ++ JU1401 ++++ 
ED3005 +++ JU1409 ++ 
ED3040 +++ JU1440 +++ 
ED3042 ++++ JU1586 +++ 
ED3073 ++ JU1652 ++++  
ED3077 ++ JU1896 ++ 
EG4347 +++ KR314 ++ 
JT11398 + LKC34 ++ 
JU258 ++ QX1211 ++  
JU262 +++ QX1233 ++ 
JU263 ++ RC301 +++ 
JU345 ++ WN2002 +++ 
















The results for the bordering assay showed that most of the C. elegans strains 
tested on came out negative. This was indicated by worms that moved freely through the 
bacteria, where they were identified as solitary foragers (De Bono, 1998). The seven of 
the thirty-five strains that tested positive for the assay exhibited worms that would be 
either 2 millimeters inside or outside the circular bacterial lawn (Table 2). These worms 
may have even shown clumping or burrowing into the agar, where they were termed 
social foragers (De Bono, 1998). Previous studies have shown that the difference in 
feeding behavior was due to a single nucleotide change in the NPR-1 neuropeptide Y 
receptor, where solitary foragers have a valine and social foragers get this nucleotide 
changed to a phenylalanine (De Bono, 1998; Reddy, Hunter, Bhatla, Newman, & Kim, 
2011). But the difference in feeding behaviors seen in C. elegans may be due to a novel 
mutation seen in another gene.  
To further study the mutations that may cause the dissimilarities in feeding 
behaviors of different strains, a complementation assay should be done to determine if the 
strains observed to have the bordering phenotype carry mutations in NPR-1 or in another 
gene. Such an assay could assign mutations seen in the nematode to a genetic locus that is 
causing the mutation to occur. In addition, future studies could observe the oxygen levels 
the worms are in since this affects the social feeding behaviors of this nematode 
(Bargmann, 2006). If at any point the experiment was conducted in oxygen concentration 
levels that were lower than normal for the C. elegans, then false negatives could have 
been seen.  
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The results for the surface stain showed that all of the strains obtained were 
negative for the assay (Berninsone, 2006-2015). This means that when the worms were 
observed under the fluorescent microscope, they did not glow. The positive control for 
this assay was the srf-3 mutants; they glowed because they exhibited a mutation, 
presumed to affect exposure of a sugar on their surface coat that the WGA-FITC attached 
to. WGA is a lectin while FITC is fluorescent marker, where they work together to 
adhere to the exposed sugar and cause it to glow. Since all thirty-nine strains of worms 
from around the world did not glow, it meant that the WGA-FITC fluorescent tag was not 
able to attach to the surface coat of these worm strains. No attachment of the tag leads to 
further presumptions that the sugar decoration needed to be exposed on the surface coat 
for the WGA-FITC to attach was not present. It can be concluded that the mutation seen 
in srf-3 mutants that cause it to glow when combined with WGA-FITC is not present in 
the strains from around the world.  
The results for the BUS, or bacterial unswollen, phenotype exhibited that all of 
the strains from around the world showed this phenotype to some degree, whether it was 
weak or strong (Berninsone, 2006-2015; Table 3). The controls for this study were the 
srf-3 and N2 C. elegans, where the srf-3 strain showed no swelling while the N2 strain 
showed moderate swelling. The swelling exhibited at the tail region of the C. elegans 
indicated whether or not the strain being observed was resistant to Microbacterium 
nemetophilum. Only srf-3 mutants were completely resistant to M. nematophilum; N2 and 
all of the other strains from around the world were not resistant to this microbacteria, 
though some were more affected by it than others. The tail swelling occurs near the anal 
region. This can be threatening to C. elegans because having a deformed anal region (also 
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known as the Dar phenotype), though not lethal, causes the worms to have a slower 
growth rate and reduced fertility (Darby, 2005).  
Worms that were resistant to the BUS phenotype suggests that they evolved in a 
way to oppose the negative affects of M. nematophilum. Doing this experiment allowed 
observation of how worms around the world may interact with specific types of 
microbacteriums that may be present in their natural habitats, and whether or not one of 
these microbacteriums could be M. nematophilum. 
From the three experiments conducted, the hypothesis that was made was proven 
true from the similarities seen among the different strains of Caenorhabditis elegans from 
around the world, though they also show some disparities from one another, where their 
natural environment may cause such differences due to the advantages in such mutations. 
From the srf stain conducted, they show that they have similar surface coats in regard to 
the sugar decorations that they do not exhibit (but are exhibited in srf-3 mutants). But of 
the thirty-five strains tested on whether or not the worms are social or solitary foragers, 
seven of the strains showed that they are social foragers; the positive strains came from 
Australia, Ethiopia, Hawaii, France, Portugal, Japan, and Uruguay. These strains should 
be genotyped to see if they have a mutation that causes them to feed in such a way or if 
the environment they are naturally located in affects this behavior. Also, the oxygen 
levels these strains are typically in may also have a cause in them being social or solitary 
foragers. Another difference seen among these world strains was that they exhibited 
different levels of swelling in the presence of M. nematophilum. They all exhibited 
swelling, but they all did so in different degrees. The strains that exhibited the strongest 
swelling came from Australia, Ethiopia, South Africa, Portugal, Japan, Chile, Spain, and 
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Uruguay. The results from the bordering assay and the BUS phenotype show some 
overlap; some of the strains that showed that they were social feeders also exhibited that 
they had very swollen tail regions when they were in the presence of M. nematophilum. 
Genotyping of these strains with overlap and more analysis will show if these strains 
show correlation between being positive for both the bordering assay and the BUS 
phenotype. 
Our studies relate to a previous study that genotyped two hundred strains of C. 
elegans from around the world. This study showed that over 75% of the C. elegans had 
very similar genotypes, though there were four strains that were more unique and 
diversified from the rest of the strains. These strains were CB4856 (Oahu, Hawaii), 
DL238 (Manuka, Hawaii), JU775 (Lisbon, Portugal), and QX1211 (San Francisco, USA) 
(Andersen et al., 2012). Berninsone’s lab had three of these four strains and there results 
for the bordering assay and BUS phenotype differed. These strains should be studied 
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Illustration 1: Labeled parts of a diagram of a hermaphrodite C. elegan. The 
illustration depicts important parts of a C. elegan and indicates how the head and tail of 
the nematode are different, though they may appear the same at first when first observed 
under the microscope. (Chege & McColl, 2014). 
 
  
Illustration 2. An image of an adult hermaphrodite C. elegan. The left end shows 


































Illustration 3: Development of C. elegans at different temperatures. The table 
exhibits how long the nematode stays in each stage of its life cycle according to different 
temperatures. It also shows the length of the worm in different temperatures. 





Illustration 4. Strains that were imaged under a microscope to observe whether 
or not bordering occurred. There were a few minutes between taking the plates out 
of the 20°C incubator and taking the picture, causing some of the worms to migrate 
away from their original location. The following strains and locations were imaged: 
(A) AB1, Adelaide, Australia; (B) AB4, Adelaide, Australia; (C) CB4856, Oahu, 
Hawaii; (D) DR1344, Bergerac, France; (E) ED3040, Johannesburg, South Africa; (F) 
JU774, Carcavelos, Portugal; (G) JU1088, Kakegawa, Japan; (H) JU1409, Carmona, 
Spain; (I) RC301, Freilburg, Germany. (Berninsone, 2006-2015). 
